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Introduction
and did not investigate the effect of the observed stress on subsequent muscle function and 94 soreness, which is of significance to the training athlete.
95
Participation in a team sport results in muscle damage, inflammation and oxidative stress 96 (Ascensão et al. 2008; Fatouros et al. 2010; Silva et al. 2013; Marin et al. 2011 ) and a 97 subsequent decline in performance (Silva et al. 2013) . As previous research has identified 98 milk as being beneficial for recovery from isolated eccentric exercise, investigating the effect 99 of milk on recovery from metabolic stress may provide insight in to the mechanisms by 100 which milk might be beneficial for team sport athletes, and also offer an understanding of the only), 24h, 48h and 72h post-exercise. Participants were requested to refrain from any other 141 strenuous activity for the duration of the study, and from treating the symptoms of muscle 142 soreness and tiredness with interventions such as massage, cryotherapy, nutritional 143 supplements and non-steroidal anti-inflammatory drugs.
144
Nutritional Intervention and Dietary Control
145
Immediately following the cycling protocol participants were provided with either 500ml of 146 milk (Avonmore 1% Light, Glanbia, Kilkenny, Ireland) or 500ml of an energy-matched 147 carbohydrate solution, which was consumed within 30min. Macronutrient composition (per 148 500ml) of the milk was as follows: Energy 910kJ/215kcal, Protein 17.0g, Carbohydrate 25.5g,
149
Fat 5.0g. A volume of 500ml was chosen based on previous research (Cockburn et al., 2010 (Cockburn et al., , 150 2012 . From an applied perspective, it was felt that 500ml was an easily consumed volume 151 and that consumption of larger volumes may lead to stomach fullness and discomfort. The 
156
In order to maintain dietary control, participants completed a food diary for 24h prior to Metabolic stress was induced by the completion of the Cycling Intermittent Sprint Protocol 164 (CISP, Hayes et al. 2013) designed to simulate the metabolic demands of a repeat sprint sport.
165
The protocol was modified slightly to include additional sprints (4x15s) which has been 166 reported to result in oxidative stress (Jówko et al. 2014) .
167
Thus the exercise protocol employed for the current study comprised of a standardised warm- qualitative inferences, are presented in Table 2 . were -3.2 ± 7.8 %, and -6.2 ± 7.5 % respectively, a possible benefit of milk. There was an 285 unclear outcome for MILK (-5.0 ± 12.7 %) versus CHO (-3.1 ± 8.9 %) at baseline-48h. A 286 possible negative effect was observed for MILK (-7.3 ± 12.7 %) compared to CHO (-0.8 ± 287 9.2%) at baseline-72h.
Results
258
Preliminary Data
288
Rate of Force Development
289
Immediately prior to the repeat-sprint cycling exercise the mean rate of force development Baseline 20m sprint times for the milk condition and carbohydrate condition were 3.58 ± 0.12 296 s and 3.59 ± 0.11 s respectively and the SWE was determined as 0.7%. Unclear outcomes
297
were found for MILK versus CHO at baseline-24h (1.8 ± 2.2 % and 1.0 ± 1.3 %), baseline-298 48h (1.0 ± 2.8 % and 0.6 ± 2.5 %) and baseline-72h (0.2 ± 2.2 % and -0.4 ± 1.2 %). baseline-24h (-1.6 ± 4.7 % v -2.0 ± 3.1 %), baseline-48h (-1.4 ± 4.6 % and -1.9 ± 5.4 %) and jump performance can be seen in Table 3 . The exercise protocol resulted in a small increase in muscle soreness for both conditions, 
299
Countermovement jump performance
321
Changes in tiredness from baseline-72h showed a possible benefit of MILK (1.0 ± 3.2 %) Creatine Kinase, hs-CRP, PC and GSH:GSSG ratio can be seen in Table 3 . Jowko et al. 2014). In summary, the observed levels of muscle damage were low, losses in 380 muscle function were small and milk had no effect on minimising these effects.
381
It is possible that an increase in protein synthesis or a decrease in protein breakdown 382 following the mechanical stress of eccentric loading in previous studies is enhanced with the and lower ROS production (Ide et al. 2002) . Additionally, Tiidus (1995 Tiidus ( , 2003 proposed that For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.
nutritional products, as in the current study, will have any effect on recovery from oxidative 493 stress. In this study the beverage was consumed only after the exercise bout, as this is a 494 regular practice of team sport athletes.
495
In conclusion, the consumption of 500ml of milk post non-eccentric exercise had minimal 496 effect on the attenuation of losses in muscle function and no effect on increases in markers of 497 muscle damage and inflammation following repeat-sprint cycling, though consumption of 498 milk did reduce perceptions of soreness and tiredness. Speculatively, the benefit of milk for 499 athletic recovery is likely to be greatest following activities that have an eccentric component.
500
Further research is warranted in this area to investigate the effects of milk on recovery from Levine, R.L., Garland, D., Oliver, C.N., Amici, A., Climent, I., Lenz, A.G., et al. 1990 . 
